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(54) An electronic camera with rapid automatic focus of an image upon an image sensor 



(57) A technique for automatically focusing the lens 
of an electronic still camera employs a progressive scan 
image sensor (20) with a fast dump structure (62). The 
image sensor (20) itself is operated first in a "fast flush" 
mode to focus a lens (22), and then in a normal readout 
mode to obtain the final still image. To focus the lens (22), 
an image is integrated on the sensor (20). The average 
contrast of a central region (66) of the image is used to 
determine how well the image is focused. The portion of 
the image surrounding a central focusing area (66) is rap- 
idly read out and discarded, using "fast flush" clocking 
where the vertical and horizontal registers are continu- 



ously clocked and lines of image charge are dumped to 
the substrate through the fast dump structure (62). In the 
central focusing area (66), a pattern of lines are elimi- 
nated through the fast dump structure (62), and the inter- 
vening lines are transferred out to generate a focus 
adjustment signal. The process is repeated numerous 
times as the lens focus is adjusted until the maximum 
average contrast is obtained. At this point, the entire sen- 
sor is cleared using "fast flush" clocking, and the final 
image is then captured and read out 
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Description 

FIELD OF THE INVENTION 

The invention pertains to apparatus for automati- 
cally focusing an image upon an electronic image sensor 
and, more particularly, for rapidly focusing an image 
upon a progressive scan image sensor based upon sig- 
nals from a partial area of the sensor. 

BACKGROUND OF THE INVENTION 

An image sensor for an electronic camera ordinarily 
contains a two-dimensional array of light sensitive pho- 
tosites. In an interline transfer sensor, the image charge 
is transferred from the photosites to light-protected ver- 
tical registers, through which the image charge is moved 
to a horizontal readout register. On' the other hand, in a 
full frame image sensor the image charge is incremented 
line-by-line through the photosites themselves to a hor- 
izontal readout register, from which the image signal is 
obtained. Since the full frame image sensor does not 
contain a separate light-protected storage area, a shutter 
is normally used to block the light and prevent vertical 
smearing when reading out the image. 

An example of an electronic still camera is the model 
DCS 200c camera, marketed by Eastman Kodak Com- 
pany, Rochester, New York. This camera uses a high res- 
olution full frame image sensor in ah electronic camera 
back which attaches to a conventional 35mmf ilm camera 
body. The camera body includes a normal focal plane 
shutter for blocking image light. In this type of electronic 
camera, a separate focus sensor is used in the camera 
body to automatically focus the camera lens. This extra 
sensor increases the camera cost It may also result in 
a less than optimally focused image on the sensor, if the 
tolerances of the camera lens focusing mechanism, and 
the tolerances of the focus detector, are not tightly con- 
trolled. Therefore, by using the high resolution image 
sensor itself to LocuS the camera lens, the camera cost 
may be reduced, and the camera focusing accuracy may 
be increased. 

Focusing a camera lens by using the sensor output 
signal is an iterative process which requires capturing a 
sequence of imagfes while varying the focus, until a 
focus-related parameter of the image, such as the "aver- 
age contrast", is maximized. Prior art camcorders typi- 
cally use NTSC format interline image sensors, which do 
not require a mechanical shutter, to perform this type of 
automatic lens focusing. In these camcorders, the same 
image that is recorded is also analyzed to provide the 
focus information. Focusing is done by spatially band- 
pass filtering a subsection of the video image read out 
from the sensor. The lens focus position is adjusted to 
obtain the highest average magnitude output signal 
(highest average contrast) from the bandpass filter. Note 
that the camcorder's image sensor is ordinarily read out 
at the video field rate (1/60 second) so that the same 
sensor operating mode is used to provide both the focus 



information and the final images. In such camcorders, 
many images may need to be read out before the lens is 
properly focused. Since the image readout time is rela- 
tively rapid (approximately 1/60 second), acceptable 

5 focus can typically be achieved in less than a second. 

Focus time can be further improved by application 
of the technique shown in US. Patent No. 5,051,833 
(Tsuji). This patent describes an electronic still camera 
in which focus is based on a rectangular subset of the 

10 pixels on an interline charge coupled device (CCD) sen- 
sor. During the focusing operation, the image lines within 
the rectangle are read out at the regular NTSC video 
rates, while the lines outside the rectangle are read out 
more rapidly to a charge drain on the CCD sensor. Tsuji 

75 thus describes a focusing mode which takes less time 
for reading out an image for the purpose of focusing than 
is taken for reading out an image for normal image cap- 
ture. This focusing mode is employed with an interline 
transfer sensor, which has light-protected storage areas 

20 (vertical registers) and consequently does not require a 
mechanical shutter. Because the focusing image frames 
are not usable as captured images, this technique is not 
useful with camcorders. Moreover, focusing time can 
remain a problem if rapid utilization of the camera is 

25 desired or if longer readout times are required, such as 
for definitions higher than NTSC resolution. 

Progressive scan image sensors having a noninter- 
laced architecture, such as the Kodak model KAI- 
031 0CM imager, have been developed for high quality 

so color electronic cameras. This sensor has approximately 
480 active lines, and approximately 640 active pixels per 
line. A progressive scan sensor provides a higher quality 
still image than an interlaced sensor, since all lines are 
captured during the same interval of time. Unlike an inter- 

35 lace sensor, the progressive scan sensor allows the 
entire image to be read out in a single scan, albeit 
through light protected vertical registers as in the inter- 
line sensor. Mechanical shuttering, therefore, is unnec- 
essary for exposure control (and to prevent vertical 

40 smear) as the function can be performed electronically. 
For a high quality still mode, the progressive scan 
sensor can be read out at slower than video rates without 
sacrificing performance, since real-time operation is not 
required. If, however, the image is read out in the same 

45 period of time as from ah interlaced image sensor, rea- 
dout timing from a progressive scan image sensor nor- 
mally requires a clock rate of approximately twice that 
used with the interlaced image sensor. Such timing 
would be required, for instance, for an electronic view- 
so finder or for the rapid acquisition of image data, such as 
for autofocus determination. For example, an NTSC for- 
mat interlaced image sensor with 480 lines and 640 pix- 
els per line requires a clock rate of approximately 12 MHz 
to read out the 640 lines in the 52.4 mSec NTSC stand- 

55 ard active line time, which provides a field rate of 1/60 
second. Since a progressive scan sensor, like the model 
KAI-310 imager, must read out twice as many lines per 
field, it must use a clock rate of about 24 mHz to read 
out all 480 lines in 1/60 second. This higher clock rate 
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requires more expensive clock drivers, analog process- 
ing, and A/D conversion than interlaced sensors require. 
Such high speed, and thus high cost, components are 
required for autofocus processing within the focusing 
area even though, as in Tsuji, the lines above and below 
the focusing area are not used. 

This leads to the anomalous situation that a non- 
imaging part of the system, the autofocus processing, 
requires the higher clock rate, and thus the higher cost 
parts-clock drivers, analog processing, A/D converters, 
etc. -than the high resolution imaging part itself. What is 
needed is a technique for reading out the image sensor 
data within the focusing area in a manner that decreases 
the required clock rate while enabling rapid focus of the 
lens of an electronic camera. 

SUMMARY OF THE INVENTION 

In arriving at the invention, it was first realized that 
quick dumping of some parts of the image, even within 
the focusing area itself, could solve the clocking problem 
and still leave enough information in the remaining part 
of the focusing area that the remaining lines of the image 
could be used for focus evaluation. The problems noted 
above are then solved according to the invention by bas- 
ing focus evaluation on a subset of the image lines within 
the focusing area of the image. More particularly, an 
electronic camera having an automatically focused lens 
that is operable to focus an image based on image data 
electronically obtained by the camera from a partial area 
of the whole image includes an image sensor comprising 
a two-dimensional array of photosites arranged in lines 
and columns to provide image charge, the sensor having 
the capacity to eliminate some lines of image charge and 
to transfer other lines of image charge. The camera fur- 
ther includes a timing and control section for controlling 
the sensor so as to eliminate a pattern of lines of image 
charge from the partial area utilized for autofocus and to 
transfer the intervening lines of image charge within the 
partial area, and a processor for generating a focus 
adjustment signal based on the intervening lines of 
image charge transferred from the partial area. 

Unlike the application of conventional camcorder 
automatic focusing techniques to interline sensors, 
which would take several seconds with a progressive 
scan architecture to bring the lens into focus, the advan- 
tage of the invention is that the entire focusing sequence 
occurs rapidly, taking only a fraction of a second. Fur- 
thermore, high speed requirements are avoided by drop- 
ping lines of image charge within the partial area that is 
used for autofocus evaluation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described in relation to the 
drawings, wherein 



Figure 1 is a block diagram of an electronic camera 
incorporating the invention in connection with a pro- 
gressive scan image sensor; 
Figures 2 A and 2B are diagrams of progressive scan 

s image sensors useful with the camera of Figure 1 ; 

Figure 3 is a diagram of the Bayer color filter geom- 
etry for the sensor used with the camera of Figure 1 ; 
Figure 4 is a diagram of the imaging portion of a sen- 
sor showing a central focusing area; 

10 Figure 5 is a diagram of the imaging portion of a sen- 
sor showing a central focusing area divided into 
regions; 

Figure 6 shows the line timing for the still imaging 
mode of operation; 
/£ Figures 7A and 7B show the line timing for the auto- 
focus mode of operation; 

Figure 8 is a block diagram of a focus determination 
circuit used in the camera of Figure 1 ; 
Figure 9 is a flowchart showing the sequence of 
20 . operations of the camera of Figure 1 ; 

Figure 10 shows a first embodiment of a line-skip- 
ping pattern, especially for the central focusing area 
shown in Figure 4; 

Figure 1 1 shows a second embodiment of a line- 
25 skipping pattern for the central focusing area; and 
Figures 12A and 12B shows the line timing for the 
pattern shown in Figure 11. 

DETAILED DESCRIPTION OF A PREFERRED 
30 EMBODIMENT 

A block diagram of a camera using an automatic 
focus apparatus incorporated into a progressive scan 
architecture according to the invention is shown in Figure 

35 1. The camera includes an optical viewfinder 10 and a 
user control section 12 having a number of user control 
buttons, including zoom buttons 1 4 and a capture button 
16. To take a still picture, the user turns on the camera 
(using a power switch, (not shown), which may be auto- 

40 matically enabled when the user depresses the zoom 
buttons 14 or partially depresses the capture button 16). 
The user composes the picture by depressing the "zoom 
in M or "zoom out" buttons 14, and by adjusting the posi- 
tion of the camera, while observing the viewfinder image. 

45 When the user is satisfied with the composition, the user 
depresses the capture button 16. The camera then cap- 
tures a single still image, firing a flash 18 if necessary 
when the ambient illumination level is low. The still image 
is focused upon an image sensor 20 by a motor driven 

so zoom lens 22, which is interconnected with the view- 
finder 10 by a mechanical coupling 23. The intensity of 
the image light upon the sensor 20 is regulated by a 
motor driven mechanical aperture 24 while exposure 
time is regulated electronically by appropriate clocking 

55 of the sensor 20. The still image from the image sensor 
20 is processed and digitally stored on a removable 
memory card 26. 

Control of the sensor 20 is provided by a timing and 
control section 27, which specifically includes a sensor 



5 



EP 0 720 360 A1 



6 



timing circuit 28. The sensor timing circuit 28 provides 
the signals to enable sensor drivers 30, which provides 
horizontal clocks (H1, H2) and vertical clocks (Vt, V2), 
as well as a signal FDG for activating a drain structure 
on the sensor 20. The output of the image sensor 20 is 5 
amplified and processed in an analog gain and sampling 
(correlated double sampling (CDS)) circuit 32, and con- 
verted to digital form in A/D converter 34. The A/D output 
signal is provided to a processor section 35, which 
includes a digital processor 36 which temporarily stores 10 
the still images in a DRAM memory 38. The digital proc- 
essor 36 then perform image processing on the still 
images, and finally stores the processed images on the 
removable memory card 26 via a memory card interface 
circuit 40, which may use the PCMCIA 2.0 standard inter- 75 
face. An EPROM memory 42 is used to store the 
firmware which operates the digital processor 36. 

The motor driven zoom lens 22 includes a zoom 
motor 44, a focus motor 46, and an aperture motor 48 
(all controlled by lens motor drivers 50). The timing and 20 
control section 27 further includes a control interface 52 
connected to the lens motor drivers 50 and to a flash con- 
trol circuit 55 via a photosystem interface block 54, which 
controls the operation of the zoom lens 22 and the flash 
1 8. The lens zoom position is controlled by the photosys- 2s 
tern interface block 54 based on the position input from 
the zoom control buttons 1 4. The focus is set by the con- 
trol interface 52 using a focus adjustment signal output 
by a focus determination circuit 56 within the processor 
section 35. The focus determination circuit 56 processes 30 
data from the A/D converter 34 according to a focusing 
algorithm (which will be described in connection with Fig- 
ure 8) applied to a selected partial area of the image sen- 
sor 20 as the sensor is operated in the focus mode. An 
iterative algorithm in the control interface 52 adjusts the 35 
lens focus position, depending on the output of the focus 
determination circuit 56, until the focus determination 
process provides a maximum contrast signal. Although 
the digital processor 36 and the control interface 52 are 
shown as two separate blocks, in some implementations 40 
the same processor could be used to perform both of 
these functions. Other of the recited functions, such as 
focus determination, could also be functionally part of 
one of the processors. 

The sensor 20 is a progressive scan interline image 45 
sensor having a noninterlaced architecture, as shown in 
more detail in Figure 2A. The sensor comprises a two- 
dimensional array of photosites 58, e.g. photodiodes, 
arranged in rows (lines) and columns, a plurality of ver- 
tical registers 59 adjacent photosrte columns for trans- so 
ferring rows (lines) of image charge from the photosites 
58 to a horizontal register 60 for readout, and a charge 
drain (specifically, a fast-dump structure 62) interposed 
between the output of the vertical registers 59 and the 
horizontal register 60 for eliminating complete rows ss 
(lines) of image charge at a time from the image sensor 
20 by discharge to a sensor substrate 64. A preferred 
image sensor is the Kodak model KAI-0310CM CCD 
image sensor, which has approximately 480 active lines 



with approximately 640 active pixels per line and an 
image aspect ratio of 4:3. This sensor is described in a 
Performance Specification document available from 
Eastman Kodak Company, Rochester, New York. Each 
pixel is 9 microns "square", since both the vertical and 
horizontal distances between the centers of adjacent pix- 
els are 9 microns. The sensor uses a color filter array 
pattern known as the "Bayer checkerboard" pattern, 
described in U.S. patent 3,971,065, which is shown in 
Figure 3. Such a color filter array is characterized by a 
mosaic pattern in which the filter colors alternate in both 
line and column directions. 

The sensor 20 uses a progressive scan readout 
method, which allows the entire image to be read out in 
a single scan. In this operating mode, all of the pixels on 
the sensor are transferred to the horizontal register 60, 
which delivers the image signals to the analog gain and 
CDS circuit 32 (see Figure 1). More specifically, referring 
to Figure 2A, the accumulated or integrated charge for 
the photodiodes comprising the photosites 58 is trans- 
ported from the photosites to light protected vertical (par- 
allel) registers 59 by applying a large positive voltage to 
the phase-one vertical clock (V1). This reads out every 
row, or line, into the vertical registers 59. The charge is 
then transported from the vertical registers 59 to the hor- 
izontal register 60 by two-phase clocking of the vertical 
clocks (V1 , V2). Between the vertical and horizontal reg- 
isters is the fast dump structure 62, which is further 
described in the Performance Specif ication document for 
the KAI-310 sensor. By setting a suitable positive poten- 
tial on a fast dump gate line FDG, charge from the row 
(line) of pixel values currently adjacent to the fast dump 
structure 62 is transferred from the CCD channel directly 
into the sensor substrate 64 rather than to the horizontal 
register 60. This dump, or line clear, is accomplished dur- 
ing the vertical-to-horizontal transfer time. When prop- 
erly controlled by the sensor timing circuit 28, the fast 
dump structure 62 allows lines of charge to be elimi- 
nated. (A conventional use of the gate 62 is to eliminate 
stray charge in the vertical registers 59 during especially 
long integration times, and just before transfer of image 
charge to the vertical registers 59. The gate 62 may also 
be used to eliminate unwanted non-image lines above 
and below the image.) 

Figure 4 shows a representative portion of the image 
sensor 20 which provides the data used to focus the 
image in the focusing operating mode. Only a small 
number of lines in a central focusing area 66 of the image 
are used to provide the focus determination input data. 
For the progressive scan sensor, the other lines in the 
outer area 68 are quickly read from the image by contin- 
uously holding the fast dump structure 62 at a high pos- 
itive potential, as the vertical clocks are cycled high and 
low to transfer lines of charge to the substrate via the fast 
dump drain. Since the image charge for the non-used 
lines are quickly flushed from the sensor, this operation 
is referred to as a "fast flush" and the focus mode is thus 
described as a fast flush focus mode. The time required 
to read out the image in the fast flush focus mode is well 
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under 10 mSec. Although it may take 10 iterative cycles 
for proper focus in some cases, acceptable focus can still 
be achieved in a fraction of a second. Moreover, as will 
be described, dropping lines within the central focusing 
area 66 allows even more "images" to be captured per 
unit time (i.e., more iterative cycles or image "updates"). 
If more image updates can be obtained in a given period 
of time, then autofocus can be achieved more rapidly for 
the same size central focusing area 66 as would be used 
in the prior art. Alternatively, if the existing update rate is 
satisfactory, the central focusing area 66 can be enlarged 
in the vertical direction without decreasing the update 
rate obtained in the prior art A larger central focusing 
area 66 may be useful in focusing on a more appropriate 
area of the sensor 20. 

The timing and control section 27 operates the elec- 
tronic camera shown in Figure 1 in two modes, including 
a first imaging mode wherein all rows of signal charge 
corresponding to each line are progressively read out 
through the horizontal register 60 during a single scan, 
and a second autofocus mode wherein some of the rows 
of signal charge corresponding to some lines are elimi- 
nated through the fast dump structure 62 prior to readout. 
As applied to the embodiment of Figure 1 , the first mode 
corresponds to a high quality still imaging mode while 
the second mode corresponds to a focusing mode for 
providing central lines of image data to the focus deter- 
mination circuit 56. In the autofocus mode, the timing and 
control section 27 controls the fast dump structure 62 to 

A) eliminate all lines of image charge in the outer area 
68 (Figure 4) outside the central focusing area 66, and 

B) eliminate at least one line of image charge from the 
image sensor 20 for every one or more lines of image 
charge that are transferred to the horizontal register 60 
for readout from the central focusing area 66. 

The sensor timing circuit 28 is controlled by the con- 
trol interface 52 to provide the clock signals V1, V2, H1. 
H2. and the gate signal FDG according to the two modes 
of operation. The timing signals for the first mode are 
shown in Figure 6; those for the second mode are shown 
in Figures 7A and 7B. The two-phase cycling of signals 
V1 and V2 control the transfer of lines of image charge 
from the vertical registers 59 to the horizontal register 
60. The two-phase cycling of signals H1 and H2 control 
the transfer of pixels from the horizontal register 60 to 
subsequent circuits in the camera. The level of the signal 
FDG determines whether the image charge is dumped 
to the substrate 64 or transferred to the horizontal regis- 
ter 60. When the sensor 20 is clocked using the first tim- 
ing mode shown in Figure 6, all lines of the sensor are 
clocked out, one after the other, through the horizontal 
register 60, processed in subsequent camera circuitry, 
and stored in the removable memory 26. This timing 
mode provides a high quality progressive scan still 
image, but may take 1/30 second or longer to read out 
the still image. Such timing, however, is acceptable for 
still mode usage, and, as mentioned before, does not 
require unusually high speed components. 



To provide focusing data to the focus determination 
circuit 56, a lower resolution image was found to be suit- 
able. The update rate must be sufficient to provide good 
focus detection. An update rate of 60 fields/sec is appro- 

5 priate. Moreover, the sensor 20 includes the aforemen- 
tioned array of color filters arranged in a particular color 
pattern (e.g., the checkerboard Bayer pattern of Fig. 3), 
and the lines of image charge that are transferred to the 
horizontal register 60 should preserve that particular 

io color pattern in the pattern of lines that are generated, if 
only for ease of subsequent processing. To provide this 
kind of focusing image, a pattern of lines in the central 
focusing area 66 of the sensor 20 is eliminated in the 
autofocus mode, and the intervening lines are trans- 

is ferred to the horizontal register 60, using the timing 
shown in Figure 7B. The line-skipping pattern for the cen- 
tral focusing area 66 is shown in Figure 10. The first two 
lines (1 and 2) are read out as in the imaging mode. 
These provide a green-red and a blue-green line. The 

20 next two lines (3 and 4)a are eliminated by turning on the 
fast dump structure 62 during the time that these lines 
are transferred past the fast dump structure 62. Next, 
lines 5 and 6 are read out normally, and then lines 7 and 
8 are eliminated through the fast dump structure 62. This 

25 process proceeds through the central area 66 and gen- 
erates an output image signal having the Bayer-type 
color filter repeating pattern, so that the signals can be 
processed using algorithms designed for the Bayer pat- 
tern. More specifically as to waveforms, in the area 68 

30 surrounding the central focusing area 66, the vertical 
clocks are cycled continuously with the fast dump gate 
FDG held high. This dumps all lines of image charge for 
the outer area 68 into the sensor substrate 64. Figures 
7 A and 7B shows the clock waveforms for the vertical 

35 and horizontal clocks V1 , V2, H1 , H2 and the fast dump 
gate FDG for the central focusing area 66. For each 
saved pair of lines (i.e., lines 1 and 2, 5 and 6, etc.) that 
is read out as in the imaging mode, another pair of lines 
(i.e., lines 3 and 4, 7 and 8, etc.) is eliminated by turning 

40 on the fast dump structure 62 during the time that this 
line pair is transferred past the fast dump structure 62. 
The first line of each saved pair is transferred to the hor- 
izontal register 60 and read out according to the timing 
diagram shown in Figure 7 A. The second line of each 

45 saved pair is transferred to the horizontal register 60, and 
the succeeding pair of two lines are dumped through the 
fast dump structure 62, according to the timing diagram 
shown in Figure 7B. The continuation of the sequence 
of this readout timing achieves readout of the central 

50 focusing area 66. This results' in a line-skipping 
sequence of dumping alternate line pairs, and saving 
intervening line pairs. 

A second embodiment of line skipping in the central 
area 66 is shown in Figure 11. Basically, six lines are 

55 dumped for each two lines that are read out, thus pre- 
serving the Bayer-type pattern in the readout signal while 
gaining further advantage in processing time. To provide 
this kind of focusing image, the area 68 outside the cen- 
tral area 66 continues to be read out by continuously 
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cycling the vertical clocks with the fast dump gate FDG 
held high. Within the central area 66, the timing is shown 
in the waveforms of Figures 12A and 12B. The first two 
lines (1 and 2) are read out as in the imaging mode. 
These provide a green-red and a blue-green line. The s 
next six lines (3-8) are eliminated by turning on the fast 
dump structure 62 during the time that these are trans- 
ferred past the fast dump structure 62-and so on in 
sequence (save two lines, dump six lines, save two, 
dump six, etc.) with the remainder of the lines. As was 10 
explained in relation to Figures 7A and 7B, the first line 
of each saved pair is transferred according to the timing 
of Figure 12A, and the second line of each saved pair, 
as well as the six lines that are dumped, are processed 
according to the timing of Figure 1 2B. is 

Although the color filter array pattern has been pre- 
served by saving pairs of lines, and then dumping inte- 
gral numbers of pairs of lines, the pattern may also be 
preserved by saving single lines and dumping an appro- 
priate number of lines, e.g., save one line and dump 20 
seven lines. Moreover, the invention should not be con- 
sidered limited to a specific color filter array pattern or to 
any particular line-skipping sequence. Indeed, it is not 
strictly necessary to preserve the colorf ilter array pattern 
in order to obtain image data useful for autofocus deter- 
mination. Nor must lines be dumped in pairs, or in mul- 
tiples of pairs. The advantage of the invention as broadly 
understood, namely to reduce the amount of data that 
must be handled from the central focusing area 66, can 
be obtained by dumping any number or pattern of lines 
irrespective of the color filter array geometry. 

Figure 8 shows the focus determination circuit. This 
circuit measures the "average contrast" (high frequency 
detail) of a portion of the image. The high frequency 
detail is obtained by a subtracter 70, which subtracts the 
value of the current input pixel output by the A/D con- 
verter 34 from the value of the A/D output delayed by two 
pixels, via two registers 72 and 74. The two register delay 
is used instead of a single register, since the horizontal 
colorf ilter pattern along the line repeats every two pixels. 
This ensures that similarly colored pixels are subtracted. 
The output of the subtracter is zero when the values of 
the two pixels are identical. The magnitude of the sub- 
tractor output increases as the difference between pixel 
values increases. This subtracter output will be large 
near vertically oriented edges if the camera lens is well 
focused, but smaller near these same edges if the cam- 
era lens is not well focused. The absolute value of the 
subtracter output is combined in a summer 76 with an 
accumulated value from an accumulator register 78. This 
accumulated value is the average contrast value. A sin- 
gle average contrast value may be computed, for exam- 
ple, for the central area 66 shown in Figure 4. In this 
instance, an accumulator clock input 78a (provided by 
the control interface processor 52) would be enabled for 
alt pixels in the central area 66 shown in Figure 4, and 
disabled for any pixels outside this area. In any event, 
the accumulated average contrast value is the focus 
adjustment signal that is used by the control interface 52 



and the photosystems interface 54 in the adjustment of 
the tens 22. Alternately, the circuit in Figure 8 could be 
modified to include multiple accumulators to store the 
average contrast for multiple regions in the image. For 
example, the average contrast could be computed for a 
center region 80, a left central region 82 and the right 
central region 84 as shown in Figure 5. 

Figure 9 shows the operating sequence of the cam- 
era. The user adjusts the zoom setting and points the 
camera to compose the image, and then presses the still 
capture button 1 6. The camera focus is adjusted to a mid- 
range position, and the sensor 20 is cleared of any 
charge using the fast dump structure 62 for all lines on 
the entire sensor. An image, to be used for focusing the 
camera lens, is then integrated for a period of time, for 
example 1 0 mSec, during the focusing mode. During this 
mode, a top portion of the image is rapidly read out and 
discarded, using "fast flush" clocking where the vertical 
and horizontal registers are continuously clocked and the 
fast dump gate FDG remains high. The vertical clock 
sequence is then set to a line skipping operation (e.g., 
read two lines, dump two lines, read two, dump two, etc.), 
while the small number of remaining (not dumped) lines 
in the central area 66 of the image are clocked out. The 
average absolute value output (average contrast) of a 
horizontal spatial bandpass filter processing these 
image lines is used to determine how well the image is 
focused. This average contrast value is stored by the 
control interface 52, and the lens focus is adjusted while 
the remainder of the image charge is cleared out using 
fast flush timing. The process of integrating and reading 
out the focus image is then repeated for a second focus- 
ing cycle. If the average contrast increases, the lens 
focus position is stepped again in the same direction. If 
the average contrast decreases, the focus position is 
moved in the opposite direction. These focusing cycles 
are repeated numerous times as the lens focus is 
adjusted until it provides the maximum average contrast. 
The entire focusing sequence occurs rapidly, taking only 
a fraction of a second. Once the average contrast has 
reached a maximum value, the focus is acceptable. At 
this point, the entire sensor 20 is cleared, using the fast 
dump structure 62. The final image is then integrated for 
a period of time and then transferred to the vertical reg- 
isters 59, which terminates the exposure. Thef inal image 
is finally read out from the horizontal register 60. 

The invention has been described with reference to 
a preferred embodiment However, it will be appreciated 
that variations and modifications can be effected by a 
person of ordinary skill in the art without departing from 
the scope of the invention. For instance, Figure 2B shows 
a progressive scan sensor with two readout registers 86 
and 88 (which corresponds to the Performance Specifi- 
cation document for the KAI-031 0CM image sensor; the 
preferred embodiment of Figure 2A simply uses but one 
register). The purpose is to double the system speed by 
having two complete processing channels (analog 
processing, A/D, etc.); the fast dump structure 62 of such 
a sensor would be operated as described in connection 
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with foregoing figures to eliminate lines of charge in the 
central focusing area 66. Furthermore, although the 
Bayer pattern was described, other mosaic-type filter 
patterns could be used to advantage, for example, com- 
plementary patterns involving cyan, magenta, and yel- 5 
lowf ilters. While the preferred embodiment maintains the 
Bayer (mosaic) geometry for the benefit of subsequent 
algorithms, this is not strictly necessary. The line-skip- 
ping focusing mode could alternate between saved and 
dumped lines of charge, with the subsequent processing /o 
being accordingly adapted to the particular color pro- 
gression that is output. 

The invention is summarized as follows: 

1. An electronic camera having an automatically is 
focused lens that is operable to focus an image 
based on image data electronically obtained by the 
camera from a partial area of the whole image, said 
camera comprising: 

an image sensor comprising a two-dimen- 20 
sionaf array of photosites arranged in lines and col- 
umns to provide image charge, the sensor having 
the capacity to eliminate some lines of image charge 
and to transfer other lines of image charge; 

a timing and control section for controlling the 25 
sensor so as to eliminate a pattern of lines of image 
charge from the partial area and to transfer the inter- 
vening lines of image charge within the partial area; 
and 

a processor for generating a focus adjust- so 
ment signal based on the intervening lines of image 
charge transferred from the partial area. 

2. An electronic camera as in 1 wherein the timing 
and control section controls the image sensor so as 

to eliminate all lines of image charge from the 35 
remaining area outside the partial area. 

3. An electronic camera as in 1 wherein the timing 
and control section generates a pattern of elimi- 
nated lines within the partial area by eliminating two 

or more consecutive lines of image charge within the 40 
partial area for every two lines of image charge that 
are transferred from the partial area. 

4. An electronic camera as in 3 wherein two lines are 
eliminated for every two lines that are transferred. 

5. An electronic camera as in 3 wherein six lines are as 
eliminated for every two lines that are transferred. 

6. An electronic camera as in 1 wherein the partial 
area is a central area of the whole image. 

7. An electronic camera having an automatically 
focused lens, the lens operable to focus an image so 
based on image data electronically obtained by the 
camera, the camera comprising: 

an image sensor comprising a two-dimen- 
sional array of photosites arranged in lines and col- 
umns, a plurality of vertical registers adjacent ss 
photosite columns for transferring lines of image 
charge from the photosites to a horizontal register 
for readout as image data, and a charge drain inter- 
posed between the output of the vertical registers 



and the horizontal register for eliminating complete 
lines of image charge at a time from the image sen- 
sor; 

a timing and control section for controlling the 
charge drain so as to eliminate at least one line of 
image charge from a central area of the image sen- 
sor for every one or more consecutive lines of image 
charge that are transferred from the central area to 
the horizontal register for readout, thereby generat- 
ing a pattern of transferred lines suitable for focus 
determination; and 

a processor generating a focus adjustment 
signal based on the transferred lines from the central 
area. 

8. An electronic camera as in 7 wherein said timing 
and control section provides a pattern of lines within 
the central area by eliminating two or more consec- 
utive lines of image charge for every two lines of 
image charge that are transferred to the horizontal 
register. 

9. An electronic camera as in 8 wherein two lines are 
eliminated for every two lines that are transferred. 

10. An electronic camera as in 8 wherein six lines 
are eliminated for every two lines that are trans- 
ferred. 

1 1 . An electronic camera as in 7 wherein the image 
sensor is a color sensor having an array of color fil- 
ters arranged in a particular color pattern and 
wherein the lines of image charge that are trans- 
ferred to the horizontal register preserve the partic- 
ular color pattern in the pattern of lines that are 
generated for readout. 

12. An electronic camera as in 1 1 wherein the array 
of color filters is arranged in the following mosaic pat- 
tern of red, green, and blue filters 

RGRG 
GBGB 
RGRG 
GBGB 

and wherein the lines of image charge that are trans- 
ferred to the horizontal register for readout preserve 
the same mosaic pattern. 

13. An electronic camera having an automatically 
focused lens, the lens operable to focus an image 
based on image data electronically obtained by the 
camera, the camera comprising: 

a progressive scan image sensor capable of 
producing an entire image in a single scan in 
response to clocking signals, said image sensor 
comprising a two-dimensional array of photosites 
arranged in lines and columns, a plurality of vertical 
registers adjacent photosite columns for transferring 
lines of image charge from the photosites to a hori- 
zontal register for readout, and a fast dump structure 
interposed between the output of the vertical regis- 
ters and the horizontal register for dumping com- 
plete lines of image charge at a time from the image 
sensor; 

a timing and control section for producing 
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clocking signals to read out the entire array of pho- 
tosites in a single scan, said timing and control sec- 
tion further enabling the fast dump structure to dump 
at least one line of image charge from a central area 
of the image sensor for every one or more lines of 5 
image charge that are transferred from the central 
area to the horizontal register for readout, thereby 
generating a pattern of lines suitable for focus deter- 
mination; and 

a processor for generating a focus adjust- 10 
ment signal based on the transferred lines from the 
central area. 

14. An electronic camera as in 13 wherein said tim- 
ing and control section provides a pattern of lines 
within the central area, and wherein said camera is 75 
operable in two modes, including a first mode in 
which the entire array of photosites are read out in 

a single scan, and a second mode in which said pat- 
tern of lines is generated by dumping two or more 
consecutive lines of image charges through the fast 20 
dump structure for every two lines of image charge 
transferred to the horizontal register to provide the 
focus adjustment signal. 

15. An electronic camera as in 14 wherein two lines 
are eliminated for every two lines that are trans- 25 
ferred. 

16. An electronic camera as in 14 wherein six lines 
are eliminated for every two lines that are trans- 
ferred. 

17. An electronic camera as in 13 wherein the image 30 
sensor is a color sensor having an array of color fil- 
ters arranged in a particular color pattern and 
wherein the lines transferred to the horizontal regis- 
ter to provide the focus adjustment signal comprise 

a pattern that replicates the particular color pattern 35 
of the array of color filters. ' 

18. An electronic camera as in 1 7 wherein the array 
of color filters is arranged in the following mosaic pat- 
tern of red, green, and blue filters 

■ RGRG 40 
GBGB 
RGRG 
GBGB 

and wherein the lines of image charge that are trans- 
ferred to the horizontal register for readout preserve 45 
the same mosaic pattern. 

19. An electronic camera having an automatically 
focused lens that images light upon an image sensor 
comprising a two<limensional array of photosites 
arranged in lines and columns, the lens operable to so 
focus an image based upon lines of image data inte- 
grated from a central area of the image sensor under 
control of a timing and control section, the improve- 
ment wherein 

the timing and control section generates an ss 
intermittent pattern of lines within the central area 
by dumping some lines and transferring other lines, 
the transferred lines being used in the focus of the 
lens. 



Ctaims 

1. An electronic camera having an automatically 
focused lens (22) that is operable to focus an image 
based on image data electronically obtained by the 
camera from a partial area (66) of the whole image, 
said camera comprising: 

an image sensor (20) comprising a two- 
dimensional array of photosites arranged in lines 
and columns to provide image charge, the sensor 
having the capacity to eliminate some lines of image 
charge and to transfer other lines of image charge; 

a timing and control section (27) for control- 
ling the sensor (20) so as to eliminate a pattern of 
lines of image charge from the partial area (66) and 
to transfer the intervening lines of image charge 
within the partial area; and 

a processor (35) for generating a focus 
adjustment signal based on the intervening lines of 
image charge transferred from the partial area (66). 

2. An electronic camera as claimed in claim 1 wherein 
the timing and control section (27) controls the 
image sensor (20) so as to eliminate all lines of 
image charge from the remaining area outside the 
partial area (66). 

3. An electronic camera as claimed in claim 1 wherein 
the timing and control section (27) generates a pat- 
tern of eliminated lines within the partial area (66) 
by eliminating two* or more consecutive lines of 
image charge within the partial area for every two 
lines of image charge that are transferred from the 
partial area. 

4. An electronic camera as claimed in claim 3 wherein 
two lines are eliminated for every two lines that are 
transferred. 

5. An electronic camera as claimed in claim 3 wherein . 
six lines are eliminated for every two lines that are 
transferred. 

6. An electronic camera as claimed in claim 1 wherein 
the partial area (66) is a central area of the whole 
image. 

7. An electronic camera having an automatically 
focused lens (22), the lens operable to focus an 
image based on image data electronically obtained 
by the camera, the camera comprising: 

an image sensor (20) comprising a two- 
dimensional array of photosites (59) arranged in 
lines and columns, a plurality of vertical registers (59 
adjacent photosite columns for transferring lines of 
image charge from the photosites to a horizontal 
register (60) for readout as image data, and a charge 
drain (62) interposed between the output of the ver- 
tical registers and the horizontal register for eliminat- 
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ing complete lines of image charge at a time from 
the image sensor; 

a timing and control section (27) for control- 
ling the charge drain (62) so as to eliminate at least 
one line of image charge from a central area (66) of 5 N 
the image sensor (20) for every one or more consec- 
utive lines of image charge that are transferred from 
the central area to the horizontal register (60) for rea- 
dout, thereby generating a pattern of transferred 
lines suitable for focus determination; and 10 

a processor (35) generating a focus adjust- 
ment signal based on the transferred lines from the 
central area. 

8. An electronic camera as claimed in claim 7 wherein 15 
said timing and control section (27) provides a pat- 
tern of lines within the central area (66) by eliminat- 
ing two or more consecutive lines of image charge 

for every two lines of image charge that are trans- 
ferred to the horizontal register (60). 20 

9. An electronic camera as claimed in claim 8 wherein 
two lines are eliminated for every two lines that are 
transferred. 

25 

1 0. An electronic camera as claimed in claim 7 wherein 
the image -sensor (20) is a color sensor having an 
array of color filters arranged in a particular color pat- 
tern and wherein the lines of image charge that are 
transferred to the horizontal register preserve the 30 
particular color pattern in the pattern of lines that are 
generated for readout. 
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